Abstract Lung cancer is one of the most commonly reported cancers, and is known to be associated with a poor prognosis. The function of tumour-associated macrophages (TAMs) in lung cancer patients is multifaceted and the literature shows conflicting roles. (I) To analyze the Th1 and Th2 cytokine levels that contribute to the differentiation of M1 and M2 macrophage populations in the serum of patients with NSCLC versus non-cancer controls; and (II) To characterize the M1 and M2 macrophage populations within TAMs in different subtypes of NSCLC compared to non-tumour tissue. The Th1 and Th2 cytokine levels were analyzed in serum using the Bio-Plex assay. In addition, TAMs subsets from nontumour and tumour tissues were analyzed using immunohistochemistry (IHC). The level of IL-1β, IL-4, IL-6 and IL-8 was found to be increased in the serum of patients with large cell carcinoma but not in other NSCLC subtypes compared to non-cancer controls. In addition, the expression of CD68 and M2 marker CD163 was found to be increased (P≤0.0001) in all NSCLC subtypes compared to non-tumour tissues. In contrast, the expression of iNOS (M1 marker) was decreased in the tumour tissue of patients with adenocarcinoma (P≤0.01) and squamous carcinoma (P≤0.05) but not in large cell carcinoma compared to non-tumour tissue. The results of this study indicate that NSCLC might have the ability to alter phenotype within the lung tumour areas in the local environment (TAMs) but not in the bloodstream in the systemic environment (serum) except for large cell carcinoma.
Introduction
The progression of lung cancer is a complex and multistep process where several mechanisms such as transformation, hypoxia, invasion, migration and metastasis are known to be the main hallmarks [1, 2] . Improving our understanding of these mechanisms is a fundamental approach to control the aggressiveness of lung cancer and eventually overcome the obstacles to successful lung cancer treatment. Macrophages within the tumour microenvironment termed tumour associated macrophages (TAMs) are known to be crucial cells in lung cancer as they are in close proximity to tumour cells compared to other stromal cells [1] . They are known to be responsible for releasing several growth factors, cytokines, chemokines, inflammatory mediators and other molecules [3] . Many of these factors are well known and have been associated with tumour growth, poor prognosis and metastasis including VEGF, PDGF and IL-10 [3] . In addition, the presence of high numbers of TAMs has been connected with the invasion, angiogenesis, hypoxia and early occurrence of metastasis in different tumour types including lung cancer [2, [4] [5] [6] .
TAMs are a type of cell that belong to the monocytemacrophage lineage and like other macrophages have been described as a heterogeneous population [6] . The activation of TAMs in response to cytokines, pro-(e.g., IFN-γ, TNF and IL-12) or anti-inflammatory (e.g., IL-4 and IL-10) molecules and microbial agents such as LPS (lipopolysaccharide) are well known [2, 7, 3] . There are two main phenotypes of macrophages: M1 and M2. The M1 phenotype is activated by IFN-γ, LPS and TNF-α [8, 9, 3, 7] . The M1 macrophage phenotype has been connected to the expression of IL-1, IL-12, TNF-α, and inducible nitric oxide synthase (iNOS) and also has been correlated with extended survival time in patients with NSCLC [3, 9] . On the other hand, the M2 macrophages have been correlated with tumour initiation and progression and have also been described as inhibitors of inflammation [8, 9] . The M2 macrophages produce anti-inflammatory cytokines such as IL-10 and reduce the expression of iNOS, inhibit antigen presentation and T cell proliferation [10, 7, 11] . The M2 macrophages have been found to encourage the growth of various tumour cells in vitro [12] and to increase tumour cell survival [13] . They also play a vital role in promoting angiogenesis via VEGF, which is a prominent mediator of angiogenesis [9, 14] .
There are many examples of macrophage-polarizing events during tumour progression, including the secretion of tumour-derived mediators and hypoxic tissue damage, as well as influences from other immune cells and stromal components [9, [15] [16] [17] . The exact characterization of macrophage populations within M1 and M2 subtypes can perhaps be overgeneralized, as macrophages have been described as highly plastic cells that can demonstrate a variety of phenotypes [15] . However, the markers of M1 and M2 phenotype can still be used to categorize the phenotype and function of macrophages [15] . A small number of macrophages express both M1 and M2 markers and this leads to the suggestion that a mixed phenotype occurs [17] . A study previously verified that the M1 and M2 markers differentiate macrophage populations, although about 5 % of the cells stained for both M1 and M2 markers using immunohistochemistry (IHC) [9] .
In this study, the Th1 and Th2 cytokine levels were analyzed in the serum of patients with NSCLC versus non-cancer controls. Also lung tissues from patients with NSCLC were used to determine the possible phenotypic changes in TAM phenotype and these were compared to non-tumour tissue from the same patient. TAM phenotype was determined using immunohistochemistry (IHC). The TAM phenotype was determined using CD68 (macrophage marker), iNOS (M1) and CD163 (M2) antibodies, respectively. This study aims to provide a better understanding of the effect of NSCLC on TAM phenotype and is an important aspect of macrophage investigation since TAMs are the macrophages most likely to come in direct contact with lung tumour cells.
Materials and Methods

Lung Specimen Collection and Sectioning
Staging was applied in this study using the new TNM (tumour, node, metastases) staging system (seventh edition) for lung cancer [18] . Inclusion criteria of lung cancer (tissue and serum samples) were proven by histopathological examination of lung biopsy, without diseases of immune system or p r e v i o u s c h e m o t h e r a p y , r a d i o t h e r a p y o r immunomodulating treatment. All tissue samples were purchased from the Victorian Cancer Bio-Bank (Victoria, Australia). Human Ethics approval was received from RMIT University Human Research Ethics Committee ASEHAPP 15-13. All lung specimens were fixed with 4 % formaldehyde, followed by dehydration through graded alcohols, paraffin embedding and preparation of 4-μm sections. For H&E staining, sections were rehydrated, stained with haematoxylin for 2 min and rinsed in running tap water for 2 min. The sections were then blued in Scott's tap water for 1 min, rinsed with tap water for 2 min, stained with eosin for 2 min, dehydrated in alcohols cleared in xylene and coverslipped using DePeX mounting media.
Immunohistochemical Staining
Lung sections were heated at 60°C for 1 h, hydrated and rinsed in tap water for 2 min. The sections were then boiled in 10 mM citrate buffer, pH=6 for 10 min for antigen retrieval followed by cooling at room temperature for 20 min. The sections were then incubated with peroxidase incubator 0.3 % H 2 O 2 for 15 min at room temperature and then protein blocker (2 % goat serum, 1 % BSA, 0.1 % cold fish gelatin, 0.1 % Triton X-100, 0.05 % Tween 20 and 0.05 % sodium azide) to block nonspecific staining for 30 min at room temperature. Primary antibodies to CD68 (monoclonoal mouse anti-human CD68 Clone KP1, ready-to-use) (Dako, Carpinteria, CA, USA), NCL-CD163 (1:100; Novocastra™ liquid mouse monoclonal antibody CD163 clone 10D6) (Leica Biosystems, UK) and iNOS (inducible nitric oxide synthase) (1:200; rabbit polyclonal anti-human iNOS, Abcam, UK) were incubated for 1 h at room temperature and then washed three times using washing buffer for 5 min. The CD68 sections were incubated with EnVision™+ FLEX+ mouse linker for 15 min and then washed three times using washing buffer for 5 min. All sections were then incubated with secondary antibody Dako EnVision™+ Dual Link system-HRP (Dako, Glostrup, Denmark). The sections were incubated at room temperature for 30 min and washed with washing buffer three times for 5 min. The sections were then incubated with DAB solution (Dako, Glostrup, Denmark) for 1-3 min and washed in the washing buffer three times for 5 min. The sections counterstained with haematoxylin while being observed under a microscope, dehydrated, cleared and coverslipped using DePeX mounting media.
Quantitative Analysis of Immunohistochemical Staining
All slides were scanned at an absolute magnification of 20× using the Aperio Scanscope XT pathology digital imaging systems at Austin Health, Heidelberg, Victoria, Australia (Aperio Technologies, USA). TAMs were analysed based on CD68 + expression and then further analysed for expression of defined M1 and M2 markers. The background illumination levels were calibrated using a prescan procedure. The acquired digital images representing whole tissue sections were evaluated for image quality. All acquired images were labeled, placed in dedicated project folders, and stored in a designated external hard drive. The slides were viewed and analyzed using ImageScope analysis software (version 12; Aperio Technologies, USA). The colocalisation algorithm (version 11; Aperio Technologies, USA) was applied to quantify IHC staining. The algorithm calculated the percentage area of positive staining based on the deconvolution method to separate the stains and classify each pixel according to the number of stains present. The threshold for each stain was specified and the algorithm reports the percentage of area for which each stain combination is detected: 1, 2, 3, 1+2, 1+3, 2+3, 1+2+3 or none.
Cytokine and Chemokine Measurement by Bio-Plex Multiplex System
Serum samples were purchased from the Victorian Cancer Bio-Bank (Victoria, Australia) to analyze the Th1 and Th2 cytokines profile using the Bio-Plex, MAGPIX-Luminex assay. The Bio-Plex assay kit from Bio-Rad was applied to detect the Th1/ Th2 cytokines including IL-1β, IL-4, IL-6, IL-8, IL-10, IL-12 (p70), IP-10, TNF-α, MCP-1 and VEGF in serum samples of patients with NSCLC (adenocarcinoma, squamous cell lung carcinoma and large cell lung carcinoma) and non-cancer controls. The serum samples were diluted fourfold (1:4) by adding 12.5 μl serum and 37.5 μl sample diluent. The method was performed by the same operator according to manufacturers' instructions. The kit supplied standards that were reconstituted and diluted at seven serial concentrations following manufacturer's instructions (standard curves).
Standards included all recombinant cytokines tested and were considered as positive controls for the procedure. Bead fluorescence readings were analyzed using the Bio-Plex MAGPIX multiplex reader (Bio-Rad, USA) and cytokine levels were determined using the BioPlex Manager Software (Bio-Rad, USA) within RMIT University, Bundoora, Melbourne.
Statistical Analysis
The results of TAMs and cytokines are shown as % of positive area or mean values ± standard error (SEM) as error bars, respectively. Experiments were performed in triplicate. The statistical analysis was performed using GraphPad Prism-6. One-way ANOVA multiple comparison test (as a post-test analysis) was performed with the Tukey test (multiple comparison test comparing every group with every other group).
Results
Expression of CD68, iNOS (M1 Marker) and CD163 (M2 Marker) in NSCLC Tumour Tissue Compared to Non-Tumour Tissue
In this study, immunohistochemistry (IHC) was used to determine the possible phenotypic changes in TAM phenotype of NSCLC compared to non-tumour tissue from the same patient. The TAM phenotype was determined using CD68 (macrophage marker), iNOS (M1) and CD163 (M2) antibodies, respectively.
The demographic details of tissue samples are presented in Table 1 . CD68 staining was used to evaluate TAMs in the NSCLC lung tissue compared to non-cancer tissue. The presence of TAMs (CD68 positive staining) was significantly higher in all NSCLC subtypes (adenocarcinoma P≤0.0001, squamous cell lung carcinoma P≤0.0001 and large cell lung carcinoma P≤0.0001) compared to non-tumour tissue. This result was expected as previous studies suggested that more TAMs are recruited to the tumour area and are associated with pulmonary disorders such as lung cancer [19, 20] . All NSCLC subtypes (adenocarcinoma P≤0.0001, squamous cell lung carcinoma P ≤ 0.0001 and large cell lung carcinoma P ≤ 0.0001) were found to have significantly higher CD68 and CD163-positive cells when compared to non-tumour tissues (Figs. 1, 2, and 3) . The % area of positive staining for CD163 was greatly increased in all NSCLC tissues (adenocarcinoma P≤0.0001, squamous cell lung carcinoma P≤0.0001 and large cell lung carcinoma P ≤ 0.0001) compared to nontumour tissues (Fig. 4) .
For iNOS-stained M1 TAMs, staining was found to be decreased in the tissues of patients with adenocarcinoma P≤ 0.01 and squamous cell lung carcinoma P≤0.05 but not in large cell lung carcinoma compared to non-tumour tissue (Figs. 1, 2, and 3) . Surprisingly, the result of the multiple comparison tests demonstrated that the % area of positive staining for iNOS was significantly decreased in adenocarcinoma P≤0.01 and squamous cell lung carcinoma P≤0.01 compared to large cell lung carcinoma (Fig. 4) . The potential impact of NSCLC on the Th1/Th2 cytokines levels in serum was investigated in patients with NSCLC compared to non-cancer controls using Bio-Plex, MAGPIXLuminex assay and expressed as median fluorescence intensity (FI). All serum samples were purchased from the Victorian Cancer Bio-Bank (Victoria, Australia) ( Table 2 ). Th1/Th2 cytokine serum analysis using the Bio-Plex, MAGPIX-Luminex assay indicated no significant difference in patients with adenocarcinoma and squamous cell lung carcinoma compared to non-cancer controls. However, patients with large cell lung carcinoma showed significant increases in the level of IL-1β, IL-4, IL-6 and IL-8 in serum (Figs. 5 and 6 ). IL-1β levels in serum were found to be significantly increased in patients with large cell lung carcinoma (FI=15.53) compared to non-cancer controls (FI=8.6, P≤0.01) and to patients with squamous cell lung carcinoma (FI=9.77, P≤0.05). The IL-4 levels in serum were significantly increased in patients with large cell lung carcinoma (FI= 17.97) compared to noncancer controls (FI=12.38, P≤0.01) and to patients with adenocarcinoma (FI=13.43, P≤0.05) as well as squamous cell lung carcinoma (FI=12.24, P≤0.01) . Similarly, the IL-8 levels in serum were significantly increased in patients with large cell lung carcinoma (FI=37.34) compared to non-cancer controls (FI=21.11, P≤0.01) and to patients with adenocarcinoma (FI=25.3, P≤0.05) as well as squamous cell lung carcinoma (FI=24.58, P≤0.05). Finally, patients with large cell lung carcinoma showed a significant increase (FI=55.62) in the level of IL-6 compared to non-cancer controls (FI=13.68, P≤0.01) and adenocarcinoma patients (FI=23.75, P≤0.05).
Discussion
TAMs have been suggested to represent M2 macrophage-like phenotype in lung cancer and other tumour types, however, it has become clear that TAMs consist of multiple distinct populations with different features [6, 3] . Factors that contribute to altering TAMs towards a M2 phenotype include the location of TAMs within the tumour microenvironment, tumour stage and type of cancer. Nevertheless, it is still not fully defined whether the diversity within the TAM population is due to the maturation of unique monocytic precursors or from the various factors within the local tumour microenvironment [6] . In addition, further clarification regarding TAM phenotype within NSCLC subtypes is needed. Here, lung tissues from patients with NSCLC (adenocarcinoma, squamous cell lung carcinoma and large cell lung carcinoma) were used to investigate M1 and M2 marker expression in TAM populations within tumour and non-tumour tissue using immunohistochemistry (IHC). Various studies have demonstrated increased TAM infiltration in NSCLC using the CD68 macrophage marker [21, 22, 20, 23, 19] with some suggesting the presence of increased macrophage numbers is a powerful predictor of survival in NSCLC [19, 24, 9] . In our study, all NSCLC subtypes were found to have significantly more CD68-positive cells when compared to non-tumour tissues. Other studies have shown extensive TAM infiltration of lung tumour tissue and linked this with poor prognosis [25, 2] . Taken together, these results suggest that TAMs contribute to tumour growth and lung cancer progression rather than supporting an effective host anti-tumour response. Interestingly, other studies have not supported this correlation between TAMs and good and/or poor prognosis in human lung cancer, as they reported no correlation with prognosis [26, 27] . Differences between study results may relate to the Fig. 2 Expression of CD68, iNOS and CD163 in tumour (squamous cell lung carcinoma) and non-tumour tissue by immunohistochemistry. a and b CD68 (macrophage marker), c and d iNOS (M1 macrophage marker) and e and f CD163 (M2 macrophage marker) were used to stain tumour (squamous cell lung carcinoma) and non-tumour tissue. Black arrows indicate the expression of CD68/iNOS/ CD163, ×20. The slides were observed and all photos were taken using Leica DMD108 (Leica Microsystems, Germany) Fig. 3 Expression of CD68, iNOS and CD163 in tumour (large cell lung carcinoma) and non-tumour tissue by immunohistochemistry. a and b CD68 (macrophage marker), c and d iNOS (M1 macrophage marker) and e and f CD163 (M2 macrophage marker) were used to stain tumour (large cell lung carcinoma) and non-tumour tissue. Black arrows indicate the expression of CD68/iNOS/ CD163, ×20. The slides were observed and all photos were taken using Leica DMD108 (Leica Microsystems, Germany) examination of different lung cancer histological subtypes, different tumour stages or examination of macrophages from different lung segments. Other factors may also contribute to differences such as patient demographics (e.g., smoking status and gender) and the presence or absence of comorbidities such as COPD.
TAMs that express iNOS have been found to be associated with extended survival in patients with NSCLC [9, 28] . Ohri et al. (2009) used phenotypic markers including iNOS and CD163 to study the association of TAM subsets with prognosis [9] . They looked at NSCLC patients with extended survival versus NSCLC patients with poor survival and established that M1 macrophages (CD68 + and iNOS + ) within tumour islets were greatly increased in patients with extended survival compared to poor survival group [9] . Also, the ratio of M1 macrophages in tumour islets and stroma was significantly increased compared to M2 (CD68 + and CD163 + ) macrophages in patients with extended survival but not the reduced survival cohort [9] . All these results tend to validate the association of M1 TAMs with better lung cancer prognosis. In our study, M1 TAMs were identified using CD68 and iNOS marker in tumour compared to non-tumour tissue in Samples were obtained from the Victorian Cancer Bio-Bank, Melbourne, Australia n number, SD standard deviation, M male, F female, A adenocarcinoma, S squamous cell lung carcinoma, L large cell lung carcinoma. Serum samples were obtained from patients with and without NSCLC NSCLC patients. Our results indicate that iNOS expression is decreased in tissue from patients with adenocarcinoma and squamous cell carcinoma compared to non-tumour tissues but surprisingly this was not the case in large cell lung carcinoma. Similarly, decreased expression of iNOS in TAMs has been demonstrated in previous studies [29, 30] . A previous study showed reduced iNOS expression in TAMs that were directly isolated from the tumour in tumour-bearing mice [30] . Reduced iNOS expression has also been associated with defective NF-kB signalling, which eventually may lead to incorrect regulation of the immune response [29] . Overall these results suggest iNOS as an important mediator that may be targeted in future studies to alter the TAM phenotype and to be able eventually to manipulate these cells to improve tumour suppressing function. Also, the differences between the NSCLC subtypes expression of iNOS might be a possible explanation to recent suggestions that different lung cancer subtypes present different behaviour and respond differently to treatment [31] . TAMs that express M2 marker CD163 can stimulate tumour growth by producing cytokines to induce proliferation of tumour cells directly or indirectly through increasing endothelial cell proliferation and angiogenesis [3] . In addition, the percentage of TAMs within a tumour microenvironment has been linked with tumour metastasis [32] . Our results showed that the expression of CD163 was significantly increased in all NSCLC subtypes (adenocarcinoma, squamous cell lung carcinoma and large cell lung carcinoma) compared to nontumour tissues. A study that investigated TAMs in advanced NSCLC found that more than 95 % of CD68 + TAMs were located in the tumour stroma and were positively co-stained with CD163 [33] . Also, the CD68 + and CD163 + TAMs count was found to be significantly increased in patients with progressive disease [33] . Furthermore, other studies have shown that the expression of the M2 marker in TAMs was significantly correlated to poor prognosis, p-TNM staging and lymph node metastasis in patients with advanced adenocarcinoma [22, 32] .
Despite the relatively comprehensive and high sensitivity and specificity methodology, further techniques worth considering adding to future studies in order to strengthen study outcomes include Western blot and immunofluorescence. For example, immunofluorescence (IF) method would be used to generate high-resolution images, quantitate the fluorescence signal and perform multiple staining. Other lung cancer subtypes should be considered to inspect if they have any potential role in altering TAM functions and phenotypes. Other M1 makers (e.g., IL-12) are worth adding to support this study outcomes and also the number of tissue samples needs to be expanded to confirm these results in a larger cohort.
Our study also analyzed the Th1 and Th2 cytokine levels that contribute to the differentiation of M1 and M2 macrophage populations in the serum of patients with NSCLC versus non-cancer controls. The presence of cytokines is essential for initiation of immune responses [34, 35] . Th1 cells have been found to play a major role in anti-tumour immunity and stimulation of cell-mediated responses. Pro-inflammatory cytokines such as TNF-α and IFN-γ are known to stimulate Th1 cells. In contrast, Th2 cells are known to act as the helper cells that influence B-cell development and produce antiinflammatory cytokines such as IL-4 and IL-10 [36, 37] . Analysis of Th1 and Th2 cytokines in the serum revealed no differences in NSCLC patients overall compared to non-cancer controls. Similarly, Gursel et al. (1995) also observed no differences in TNF-α concentration between pleural effusion and serum in patients with cancer [38] . Although many studies have not looked at specific cytokine profiles in lung cancer, it has been shown that freshly prepared monocytes do not show any differences in pro-inflammatory and antiinflammatory cytokine responses except IL-12 (p70) in endometrial cancer patients when compared to controls [39] . In our study, IL-1β, IL-4, IL-6 and IL-8 cytokine levels were found to be up-regulated in the serum of large cell lung carcinoma patients. IL-6 levels in serum was found to be significantly increased in patients with large cell lung carcinoma compared to non-cancer controls and to patients with adenocarcinoma. Different studies have demonstrated the ability of IL-6 to promote lung tumour growth and it has an association with a poor prognosis. Also, the IL-6 levels in serum were investigated in patients with lung cancer before and during radiotherapy (RT). They found that IL-6 levels were higher compared to controls and were further elevated during RT [40] [41] [42] [43] . In addition, IL-1β and IL-8 both are known to promote tumour progression through regulating tumour growth and invasion [44, 45] . IL-1β promotes matrix metalloproteinase secretion and angiogenic factors in the tumour microenvironment [46] . The elevation of IL-1β gene expression in normal lung tissue was also shown to be related to increased risk of developing lung cancer [46] . In this study, IL-1β levels in serum were significantly increased in patients with large cell lung carcinoma compared to non-cancer controls and to patients with squamous cell lung carcinoma. Moreover, increased IL-8 expression was shown to be associated with poor lung cancer patient survival [47] . Elevated circulating IL-8 levels have been shown to be associated with lung cancer models [48] . Similarly, our results indicated that the IL-4 and IL-8 levels in serum were highly increased in patients with large cell lung carcinoma compared to non-cancer controls and to patients with adenocarcinoma as well as squamous cell lung carcinoma. Taken together, IL-1β, IL-4, IL-6 and IL-8 levels have been found to be elevated in most patients suffering from different common cancers [49, 50] . Our results indicate that large cell lung carcinoma is associated with a systemic alteration in cytokines (IL-1β, IL-4, IL-6 and IL-8) and these cytokines have been shown to promote tumour growth and metastasis. However, all non-cancer controls were female and 76.6 % of NSCLC patients were male so this may influence the accuracy of this outcome. Gender difference was described to have the ability to influence the Th1/Th2 production pathways in health and some disease states [51] . For example, sex steroids have been shown to influence the regulation of TH cell network balance and to alter the response type of Th1 and/ or Th2 [52] . Although the majority of NSCLC serum samples were collected from male patients in this study, only large cell lung carcinoma was shown to influence Th1/Th2 cytokine level and not the other NSCLC subtypes compared to noncancer controls, which might exclude the effect of gender difference in this case.
In Conclusion
The results of this study indicate that all NSCLC subtypes (adenocarcinoma, squamous cell lung carcinoma and large cell lung carcinoma) express significantly more CD68 and CD163 compared to non-tumour tissues. Also, the expression of iNOS in patients with adenocarcinoma and squamous cell lung carcinoma was significantly decreased compared to nontumour tissues but not to that in the large cell lung carcinoma. These results indicated that TAMs express more M2 phenotype in NSCLC patients compared to non-tumour tissues. This study also indicated that the Th1/Th2 cytokine levels were not affected by the presence of NSCLC (except large cell lung carcinoma) compared to non-cancer controls. The expression of some Th1 and Th2 cytokines (IL-1β, IL-4, IL-6 and IL-8) was altered in patients with large cell lung carcinoma, which indicates the ability of this lung cancer subtype to manipulate cytokine expression in the systemic environment. Serum biomarkers are a practical and non-invasive method of diagnosing disease, and predicting prognosis and possibly treatment response. In this study, elevated cytokines IL-1, IL-4, IL-6 and IL-8 were detected only in serum from large cell carcinoma patients and this might therefore hold some promise as a potential diagnostic and/or prognostic biomarker in the serum of these patients. Taken together, the results of this study indicate that NSCLC might have the ability to alter phenotype and function within the lung tumour areas in the local environment (TAMs) but not in the bloodstream in the systemic environment (serum). The study outcomes support the previous suggestion regarding the importance of potentially targeting M2 macrophages for future therapeutic agents and aim to skew macrophage populations back to M1 subsets to stimulate anti-tumour effects within the tumour microenvironment.
